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(57) ABSTRACT

The invention relates to a receiver of a signal built as succes-
sive frames, comprising a plurality of antennas, a signal
receiving chain associated with each antenna, and a power
amplifier on each receiving chain to which is applied a gain
set point provided by a gain control unit characterized in that
it comprises an antenna selecting unit configured to select one
antenna from the plurality of antennas, and a time synchro-
nizing unit configured to determine the frame start and end
times in the signal received by the selected antenna. The
antenna selecting unit is further configured to assess the gain
set point of each receiving chain and to eliminate from the
selection each antenna associated to a receiving chain which
gain set point in not in a steady state.
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1
MULTI-ANTENNA RECEIVER WITH A TIME
SYNCHRONIZATION COMMON TO THE
DIFFERENT RECEIVER CHAINS

TECHNICAL FIELD

The invention relates to the transmission of digital signals
and their reception by a multi-antenna system. The invention
relates more particularly to synchronizing a multi-antenna
receiver of such a signal, and advantageously finds its appli-
cation in baseband decoding of OFDM (Orthogonal Fre-
quency Division Multiplex) signals.

STATE OF PRIOR ART

In MIMO (Multiple Input Multiple Output: several trans-
mitting antennas and several receiving antennas) or SIMO
(Single Input Multiple Output: one transmitting antenna, sev-
eral receiving antennas) transmission systems, the receiver
has several antennas and therefore several RF receiving
chains.

FIG. 1 shows an exemplary conventional architecture of a
2-antenna receiver.

On a receiving chain, at the output of an analog-to-digital
converter, data data0, datal coming from an antenna enter a
gain control unit AGC0, AGC1, the role of which is to adjust
the gain gain0, gainl of an RF amplifier so that the analog-
to-digital converter arranged downstream of the amplifier
works in its linear region.

Once this gain is adjusted, a time synchronization of the
incoming data stream must be performed by means of a time
synchronizing unit ST0, ST1. Time synchronizing consists in
determining the frame start and end times in the received
signal. Data on which a synchronizing algorithm operates
must not vary in power. The gain control and time synchro-
nizing units of a decoding chain are therefore closely linked.

Furthermore, there is, downstream on each receiving
chain, a Fourier transform unit FFT0, FFT1, the sequencing
of which is controlled by the time synchronizing unit STO0,
ST1 which delivers to this purpose a starting signal Start0,
Start1 to it when a frame start time is determined. The Fourier
transform unit FFT0, FFT1 works on data Data0, Datal com-
ing from a frequency correcting unit CF0, CF1 to which data
data0, datal at the output of the analog-to-digital converter
are provided.

Each receiving chain further comprises downstream of the
Fourier transform unit FFT0, FFT1 various demodulating
units, such as for example a separating unit A0, Al for data
and pilots, a frequency correcting unit B0, B1, a channel
estimating unit C0, C1 and an equalization unit D0, D1. A
per-chain sequencing unit S0, S1 is furthermore required to
ensure sequencing of the decoding operations.

In addition, any multi-antenna receiver needs to recombine
the data coming from each receiving chain in order to provide
the decoded stream which will enable binary information to
be obtained. This is done by means of an MRC recombining
unit (for example operating, for an SIMO system, a Maxi-
mum Ratio Combining-type algorithm). It should be noted
that the conventional recombining patterns in a SIMO system
imply that data exhibits consistent power ratios. This recom-
bining further requires to provide, upstream of the MRC
recombining unit, a resynchronizing unit RS of each data
stream. But this resynchronizing unit RS can prove to be quite
complex and expensive regarding the buffer storage.

Thus, according to such a conventional architecture, each
antenna is separately processed up to the equalization, and
then it is recombined according to the diversity pattern. This
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2

results in a certain material complexity particularly due to the
multiple time synchronizing units ST0, ST1, the multiple
sequencing units S0, S1, the making of the resynchronizing
unit RS and the making of the sequencing of the receiving
chain.

DISCLOSURE OF THE INVENTION

The aim of the invention is a multi-antenna receiver having
a simpler architecture than the conventional architecture set
forth above, and provides to this purpose a receiver for a
signal built as successive frames, comprising a plurality of
antennas, a signal receiving chain associated with each
antenna, and a power amplifier on each receiving chain to
which is applied a gain set point provided by a gain control
unit. The receiver further comprises an antenna selecting unit
configured to select one antenna from the plurality of anten-
nas, and a time synchronizing unit configured to determine
the frame start and end times in the signal received by the
selected antenna. The antenna selecting unit is further con-
figured to assess the gain set point of each receiving chain and
to eliminate from the selection the antennas associated to a
receiving chain which gain set point in not in a steady state.

Certain preferred but not limiting aspects of this receiver
are as follows:

the antenna selecting unit is configured to select the

antenna associated with the receiving chain, the gain set
point of which is the lowest;
the antenna selecting unit is configured to select one
antenna from the antennas associated with a receiving
chain with a power level higher than a threshold level;

the time synchronizing unit is configured, once a frame
start time is determined, to freeze the gain set points until
the frame end time;

the gain control unit is configured to compute a gain set

point for a receiving chain independently of the other
receiving chains;

each receiving chain further comprises a Fourier transform

unit with a sequencing controlled by the time synchro-
nizing unit;

it further comprises a recombining unit for the signals

received by each antenna, said recombining unit being
configured to apply to the signal received by each
antenna a weighting according to the gain difference
with the receiving chain having the lowest gain.

The invention also relates to a method for receiving a signal
built as successive frames, implemented in a receiver com-
prising a plurality of antennas, a signal receiving chain asso-
ciated with each antenna, and a power amplifier on each
receiving chain to which is applied a gain set point provided
by a gain control unit. The method comprises an operation of
selecting an antenna from the plurality of antennas, and an
operation of time synchronizing to determine the frame start
and end times in the signal received by the selected antenna.
The operation of selecting comprises assessing the gain set
point of each receiving chain and eliminating from the selec-
tion the antennas associated to a receiving chain which gain
set point in not in a steady state.

The invention also extends to a computer program product
comprising code instructions for executing operations of the
method according to the invention when said program is
executed on a computer.

BRIEF DESCRIPTION OF DRAWINGS

Further aspects, aims, advantages and characteristics of the
invention will better appear upon reading the following
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detailed description of preferred embodiments thereof, given
by way of non-limiting examples, and in reference to the
accompanying drawings in which:

FIG. 1, already previously discussed, is a diagram showing
a conventional multi-antenna receiver;

FIG. 2 is a diagram showing a multi-antenna receiver
according to a possible embodiment of the invention.

DETAILED DISCLOSURE OF PARTICULAR
EMBODIMENTS

The invention relates to a receiver for a signal built as
successive frames, comprising a plurality of antennas and a
signal receiving chain associated with each antenna. It can be
a receiver of a SIMO or MIMO transmission system, and the
signal can be an OFDM signal, for example with a cyclical
prefix. The receiver further comprises a power amplifier on
each receiving chain to which is applied a gain set point
provided by a gain control unit.

The diagram of FIG. 2 shows an exemplary embodiment of
a receiver according to the invention, in this case a 2-antenna
receiver, this example being in no way limiting. In this dia-
gram, the elements common to the receiver of FIG. 1 bear the
same references.

On each receiving chains, each being associated with one
of the antennas, there is a gain control unit AGC0, AGC1
configured to compute a gain set point gain0, gainl for the
corresponding receiving chain, and to provide said fain set
point to the corresponding power amplifier.

In the represented example, a gain control unit AGCO,
AGC1 is configured to compute a gain set point for its receiv-
ing chain, independent of the other receiving chains. The
invention is however not limited to a gain control performed
separately on each antenna, but also extends to other gain
control methods adapted to a multi-antenna context, for
example of the type of those described in Yang Bing et al.’s
article entitled “Improved AGC method for B3G MIMO-
OFDM system”, The journal of China Universities of Posts
and Telecommunications, vol. 14, issue 3, September 2007.

Furthermore, on each receiving chain, there is a Fourier
transform unit FFTO0, FFT1 which works on data Data0,
Datal coming from a frequency correcting unit CF0, CF1 to
which the data data0, datal at the output of the analog-to-
digital converter are provided. And there are also the various
demodulating units A0-D0, A1-D1 previously set forth.

The receiver according to the invention is characterized in
that it comprises an antenna selecting unit SA configured to
select one antenna from the plurality of antennas, and a time
synchronizing unit ST configured to determine the frames
start and end times in the signal received by the selected
antenna. In the example of FIG. 2, the antenna providing the
data data0 is thus selected, the antenna selecting unit SA
controlling a multiplexer M receiving as input the data data0,
datal of each receiving chain.

Within the scope of the invention, sequencing the Fourier
transform unit FFTO0, FFT1 of each receiving chain can be
controlled by the time synchronizing unit ST. As indeed rep-
resented in FIG. 2, the time synchronizing unit ST informs the
Fourier transform unit FFT0, FFT1 of each receiving chain of
the frame start times in the signal received by the antenna
selected by the antenna selecting unit SA, by delivering a
common starting signal Start.

In this way, the receiver according to the invention can only
have a single synchronizing unit ST, common to the set of
receiving chains and carrying out a synchronizing on the
single antenna selected by the antenna selecting unit SA. This
results in a significant material reduction compared to a con-
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ventional architecture comprising as many synchronizing
units as antennas and receiving chains.

Inthis way also, sequencing the decoding operations is also
common to the set of receiving chains. Indeed, indicating the
frame start time enables the start of the Fourier transform to
be synchronized as well as the state machine sequencing the
decoding operations performed by the demodulating units
A0-D0, A1-D1. A single sequencing unit S, common to the
set of chains, can prove to be necessary. This results in a
significant material reduction compared to a conventional
architecture comprising as many sequency units as antennas
and receiving chains.

Besides, this synchronizing common to all the chains
makes resynchronizing the data streams before recombining
useless. Recombining is thus performed in a recombining unit
MRCp directly on the data streams at the output of the
demodulating units A0-D0, A1-D1, without an intermediate
resynchronizing unit RS.

On the other hand, the synchronizing being common to
each channel, a tolerant modulation to its time position is
necessary. The cyclical prefix OFDM modulation, or CP-
OFDM, fulfils this criterion when the synchronizing algo-
rithm detects the frame start sample in the cyclical prefix. The
invention also applies to every modulation in which the wave-
form is tolerant to a shift of the temporal synchronization with
respect to the synchronization ideal instant.

Coming back to the antenna selecting unit SA, and as
represented in FIG. 2, this unit can be configured to assess the
gain set point gain0, gainl of each receiving chain, and to
perform selecting an antenna according to the result of this
assessment. For example, the antenna selecting unit SA is
configured to select the antenna associated with the receiving
chain, the gain set point of which is the lowest. In such way,
the time synchronizing is performed from data coming from
the antenna receiving the strongest power (the signal-to-noise
ratio is therefore optimum).

In such a case, the time synchronizing unit is preferably
configured, once a frame start time is determined, to freeze
the gain set points gain0, gainl and deactivate the antenna
selecting module SA until the frame end time.

The antenna selecting unit SA is furthermore configured to
perform selection of one antenna only from the antennas
associated with a receiving chain with a gain set point in a
steady state and, if need be, with a power level higher than a
threshold level. In this case, the antennas associated to a
receiving chain having a gain set point in a non-steady state
are eliminated from the selection, which allows for a quickest
selection by the antenna selecting unit et for eliminating the
receiving chains that are likely to degrade the final decoding.

By steady state of the gain set point, it is meant a stabilized
gain computation, allowing for the associated amplifier to
which the computed gain set point is provided to work in its
working linear region. Information regarding the steady state
of'the gain set point of a receiving chain can be provided to the
antenna selecting unit SA by the corresponding gain control
module AGC0, AGC1.

By only referring to the antennas associated with a receiv-
ing chain with a gain set point in a steady state and with a
power level higher than a threshold level, the antennas which
are not properly power controlled are not taken into account.
Disabling the receiving chain associated with a not properly
power slaved antenna can furthermore be performed, which
enables energy savings.

In a possible embodiment of the invention, the recombin-
ing unit MRCp of the signals received by each antenna can be
configured to apply to the signal received by each antenna a
weighting depending of the gain difference with the receiving
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chain having the lowest gain. As represented in FIG. 2, this
weighting g, can be computed by the antenna selecting unit
SA and provided by the latter to the recombining unit MRCp.

Such an exemplary embodiment is given thereafter in ref-
erence to a SIMO system and to a Maximum Ratio Combin-
ing-type recombining algorithm. This algorithm convention-
ally operates the following formula for an N-receiving
antenna system:

i *
. PRAGEA0
h(k)-x; (k) S
N-1 =

=S ol
i=0

yik) =

= 5
(0]
i=0

where k is the number of the subcarrier, i is the number of
the antenna, h,(k) is the coefficient of the channel estimation
for the antenna 1, x,(k) is the value of the subcarrier.

Within the scope of this embodiment of the invention, the
preceding formula is modified to associate to each antenna a
weighting depending on the power difference with respect to
the antenna having the strongest power in the following way:

N-1

> gt (-6
yih) = H———
z FeR|tel|

where g, corresponds to the ratio between the lowest gain
set point of the set of antennas (therefore corresponding to the
gain set point of the antenna having the strongest power) and
the gain set point of the antenna i.

We have seen previously that the conventional recombin-
ing patterns imply that the data have consistent power ratios.
The modified recombination according to this embodiment of
the invention allows this consistency criterion to be fulfilled
and therefore the decoding performances to be improved.

Furthermore, the conventional recombining patterns imply
that the gain of each antenna is included in fl,.(k) and x,(k). The
Fourier transform unit, as well as the demodulation units,
therefore do not work on optimum signal dynamics and
require a significant quantization to absorb the amplitude
difference of each chain. Within the scope of this embodiment
of the invention, taking into account the gain set points
applies at the very end of a chain, at the time of the recombi-
nation. The Fourier transform input signal can then be nor-
malized, which enables the dynamics of the abovementioned
units to be supervised optimally, and above all which enables
them to work on a reduced quantization.

The invention is not restricted to the multi-antenna receiver
such as previously described, but also extends to the method
for receiving a signal implemented in such a receiver, and
particularly to a method comprising an operation of selecting
one antenna from the plurality of antennas, and an operation
of time synchronizing to determine the frame start and end
times in the signal received by the selected antenna. And the
invention also extends to a computer program product com-
prising code instructions for executing operations of the
receiving method implemented in such a multi-antenna
receiver when said program is executed on a computer.
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The invention claimed is:

1. A receiver of a signal built as successive frames, com-
prising a plurality of antennas, a signal receiving chain asso-
ciated with each antenna, a power amplifier on each receiving
chain to which is applied a gain set point provided by a gain
controlunit, an antenna selecting unit configured to select one
antenna from the plurality of antennas, and a time synchro-
nizing unit configured to determine the frame start and end
times in the signal received by the selected antenna, wherein
the antenna selecting unit is further configured to assess the
gain set point of each receiving chain and to eliminate from
the selection each antenna associated to a receiving chain
which gain set point is not in a steady state,

wherein each receiving chain further comprises a Fourier

transform unit with a sequencing controlled by the time
synchronizing unit.

2. The receiver according to claim 1, wherein the antenna
selecting unit is configured to select, from the non-eliminated
antennas, the antenna associated with the receiving chain, the
gain set point of which is the lowest.

3. The receiver according to claim 1, wherein the antenna
selecting unit is configured to select one antenna from the
antennas associated with a receiving chain with a power level
higher than a threshold level.

4. The receiver according to claim 1, wherein the time
synchronizing unit is configured, once a frame start time is
determined, to freeze the gain set points until the frame end
time.

5. The receiver according to claim 1, wherein the gain
controlunit is configured to compute the gain set point for one
receiving chain independently of the other receiving chains.

6. The receiver according to claim 1, further comprising a
recombining unit for the signals received by each antenna,
said recombining unit being configured to apply to the signal
received by each antenna a weighting according to the gain
difference with the receiving chain having the lowest gain.

7. A method for receiving a signal built as successive
frames, implemented in a receiver comprising a plurality of
antennas, a signal receiving chain associated with each
antenna, and a power amplifier on each receiving chain to
which is applied a gain set point provided by a gain control
unit, wherein the method comprises an operation of selecting
an antenna from the plurality of antennas, and an operation of
time synchronizing to determine the frame start and end times
in the signal received by the selected antenna, wherein the
operation of selecting an antenna comprises assessing the
gain set point of each receiving chain and eliminating from
the selection each antenna associated to a receiving chain
which gain set point is not in a steady state,

wherein said time synchronizing is performed by a time

synchronizing unit and each receiving chain further
comprises a Fourier transform unit with a sequencing
controlled by the time synchronizing unit.

8. A computer program product comprising code instruc-
tions for executing operations when said computer program
product is executed on a computer for controlling a receiver
comprising a plurality of antennas, a signal receiving chain
associated with each antenna, and a power amplifier on each
receiving chain to which is applied a gain set point provided
by a gain control unit, wherein said operations include:

an operation of selecting an antenna from the plurality of

antennas, and

an operation of time synchronizing to determine the frame

start and end times in the signal received by the selected
antenna, wherein said operation of time synchronizing is
performed by a time synchronizing unit and each receiv-
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ing chain further comprises a Fourier transform unit
with a sequencing controlled by the time synchronizing
unit, and

wherein the operation of selecting an antenna comprises
assessing the gain set point of each receiving chain and 5
eliminating from the selection each antenna associated
to areceiving chain which gain set point is notin a steady
state.



